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Abstract 
Flood disaster is caused by levee breach due to high river flow and consequences as huge damage occurs in the 
inhabitants inside the levees. Thus it is important to recognize the process of levee breaching and inundation; and we 
have attempted to do through numerical simulation. As for simulation scheme, schematic model area is considered 
with main channel, levee and floodplain composed of same materials. The channel and flow parameters are selected 
in conformity with the typical model field of Bangladesh as well as Japan. And RIC-Nays, a two-dimensional 
numerical model for flood flow and morphology is utilized in this study upon confirmation through other numerical 
study. Based on the calculated results, evolution process of levee breach and inundation of water and sedimentation in 
the floodplain are investigated. Levee breach is considered to initiate in the middle of the levee with crest opening.  
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1. Introduction 
Levee breach flood disaster is one of the common natural hazards all over the world. In Bangladesh, 
flooding, levee breach and sedimentation over the floodplain have become alarming problems that have 
severe and adverse effect on the national economy of Bangladesh. On the average, the area inundated 
every year is about 26,000 km2, nearly 18% of the country’s total area [1]. The average flood discharges 
of the three main (Ganges-Brahmaputra-Meghna) rivers individually are within the range 14,000 to 
100,000 m3/s [2].  The mean annual rainfall within Bangladesh varies from 1250 mm to 5700 mm [3]. 
Due to unique topography, river system and rainfall pattern, flood occurs in Bangladesh almost every year 
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and devastating ones in every 5 to 10 years intervals. Over the years, Bangladeshi river carries huge 
amount of sediment from upstream catchment and day by day conveyance capacity has reduced. River 
channels and their distributaries are silted up with sediments composed of fine sands and silts causing 
drainage congestion and overbank flow resulting in river levee failure [4].  
The Japan islands are on the route of typhoons in July-October, and Bay-u front is active there in June-
July, which brings a day or few days heavy rainfall event. The Japan islands are narrow and higher 
mountains from the backbone, and thus the watersheds are small and rivers are short and steep. These 
bring rapid runoff process. In Japan, most of the levee breach flood disasters occurred by heavy rainfall 
due to typhoons and torrential rain. For Example, in 2000, heavy rainfall attacked Nagoya metropolitan 
area, and the city perfectly lost the functions. In 2004, 10 typhoons hitting the Japan islands and heavy 
rainfall due to front activities caused levee breaches at many rivers to bring catastrophic disasters, when 
more than 200 peoples were killed [5]. 
Flood disasters caused by failure of levee become huge damage in agricultural production, residents, 
roads and other infrastructures. In order to save money, lives, agriculture and ecology, it is most important 
to carry out research on investigation of flood disasters over the floodplain during levee breach 
considering model field of Bangladesh and Japan. Unfortunately, there have been only few researches of 
this phenomenon except for some experimental, numerical, and field studies conducted by Fujita and 
Tamura [6], Aureli and Mignosa [7], and Tsujimoto et al. [5]. Computational simulation can make 
comprehensive analysis on levee breach flooding and its impacts on the entire floodplains. In this paper, 
we have attempted to compare the process of inundation and sedimentation in the floodplain and 
evolution process of levee reach after levee breach in a numerical simulation scheme with viewpoints of 
Bangladesh and Japan.  
2.  Solution Approach  
RIC-Nays, a two dimensional (2D) model for flood flow and morphology, developed by the foundation 
of Hokkaido River Disasters Prevention Centre, Japan is utilized in the present study.  
2.1. Simulation Setup 
We analyze a process appearing in river, levee and floodplain in a same simulation scheme during 
flood. This study is conducted schematized model fields for Bangladesh and Japan, which has same 
domain but the changes made on inflow discharges, bed material sizes and river bed slopes. As for 
simulation schemes, the main channel, levee, floodplain and flow parameters are selected in conformity 
with the model fields of these two countries. Schematic model area is spatially limited in a part of actual 
fields. For both case of simulations, computation reach is 1800 m long (L) and 1000 m wide (Y) (river 
channel=100 m, levee=30 m and floodplain=870 m). 
Table 1. Flow and model field parameters for two countries  
Parameters Bangladesh Japan 
Inflow discharge, Q (m3/s) 750 1250 
River bed slope, S (m/km) 0.075 3.69 
Sediment diameter, d (mm) 0.1 0.375 
Levee slope is considered as Sl= 1:2 on both country side and river side and levee height is taken as 
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Fig. 2. Comparisons of NHSED2D and RIC-Nays Model: (a) temporal growth of breaching section; (b) temporal loss of levee cross section 
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hL=6 m from the floodplain and 8 m from the river bed. During high flow in a river, overflow starts from 
the hypothetical notch on top of the levee as a trigger of breach where initial breach is 50 m long (Lb) and 
crest opening is 1 m (hc) from top of the levee.  Though the river discharge has a hydrograph in general, a 
uniform discharge corresponding to the peak is assumed here. Solid boundary is imposed on the left side 
of the floodplain. Fig 1 (a). depicts one of the model fields for simulation. 
 
 
 
 
 
Fig. 1. (a) Simulated schematic model fields; (b) outline of model computation steps 
2.2 Procedure 
The flow model is based on the depth-averaged shallow-water equations. The equations expressed in 
general coordinate system are solved on the boundary-fitted structured grids using the finite-difference 
method. Bed-load is calculated by Ashida and Michiue (1972) equation; the effect of cross-gradient and 
the influence of secondary flow, are taken into account [8-10]. In considering suspended sediment, an 
exponential profile of concentration is assumed to know planar distribution of depth-averaged 
concentration and the 2D advection-diffusion equations are solved. Finally, the bed deformation is 
determined using the 2D sediment continuity equation. Equations are solved for the unknown nodal 
values by an iterative process. First the flow field is computed utilizing initial and boundary conditions; 
the sediment transport field is then computed, to evaluate sedimentation rates, and followed by bed 
topography changes. Fig 1 (b). depicts the outline of the simulation steps for computation. The number of 
cell in longitudinal and transverse direction is 360 and 200, respectively. In this study, we use a 
computation time step of 0.002 sec and the model runs are made for 20 minutes, when the temporal 
variations of variables are considerably reduced. By numerical calculation, flow behaviour and process of 
sedimentation around the breach and in the floodplain can be described with morphological changes (see 
Fig 3.), and can be realized spatial characteristics of the phenomena as well as temporal evolution of levee 
deformation. The present study model showed reasonably good agreement when compared with 
NHSED2D model examined by Tsujimoto et al. [5] for the case of Japanese Shinkawa River breaching 
which is shown in Fig 2. 
 
 
 
 
 
 
 
 
Floodplain
hl=6m
hc=1 m
870 m16 m 80 m
12m 12m6m
Y= 1000 m
8m h
Depth-average 
flow fields
Sediment transport 
fields
Bed level 
changes
Levee  
breach/shape 
alteration
Updating the 
coordinatesUpdating time
Initial and boundary 
conditions
Sediment transport 
Equations: Suspended 
(2D advection-diffusion eq.) 
and bed load
2D sediment continuity 
equation
R
ep
ea
t t
he
 
st
ep
s
H
yd
ro
dy
na
m
ic
 
eq
ua
tio
ns
863Serazul Islam and Tetsuro Tsujimoto / Procedia Engineering 28 (2012) 860 – 8654 Md. Serazul Islam and  Tetsuro Tsujimoto/ Procedia Engineering 00 (2011) 000–000 
3. Results and Discussions 
Both Bangladesh and Japanese case, initially river water depth observed high and it decreased by 
increasing inflow duration in the main channel because of river flow diverted to the floodplain through 
breach with time. River water passed rapidly at Japanese condition due to higher gradient differences of 
river bed as compared to Bangladeshi river. At the same time floodplain inundation depth is less in 
Japanese condition because of steep river bed slope and flow is passed rapidly to the downstream through 
the river, where as more inundation depth  is seen in the model field of Bangladesh. Regarding 
sedimentation, levee breach floodplain sediment deposition area and thickness is more in Japanese case 
due to high velocity of flow passes through the breach and it causes more erosion in the breaching section 
and this sediment is deposited along the flow direction around the breach and settles over the floodplain 
as time processes. The sediment deposition thickness decreased gradually towards the downstream of the 
floodplain with increases the distance from the breach location for both cases. Flow dynamics and 
morphological changes over the floodplain due to levee breach are presented in Fig 3. 
 
 
 
 
 
 
Fig 4 shows the comparison between calculated results of the transverse distribution of velocities 
components u and deviation of bed elevation with time for Bangladesh and Japanese cases. Overtopping 
water passed from the river to the floodplain through the breach initially at high flow velocity and it 
reduces with time because of elevation difference with levee crest and floodplain. River water flows from 
left to right side in the main channel and some portion of water diverted to the floodplain through breach 
levee. In the figure, it is clearly seen that high velocity observed at short duration near the breach inside 
the river, top of the levee and as well as floodplain adjacent to the breach and Japanese case showed 
higher rate as compared with Bangladesh. Along the flow direction velocity is high and it decreased with 
time. Not only flow velocity but also floodplain sedimentation is increased with time; it deposited near 
the breach and along the flow direction. Obviously, it can be concluded that levee breach with steep river 
bed has an adverse effect in the floodplain inhabitants and it causes high risk of flood disasters.  
 
 
 
 
 
Fig. 3. Characteristics of levee breach flow and morphological changes: (a) Bangladesh; and (b) Japanese case,  
where hc= 5 m from floodplain; contours indicate the water depth (h) and bed elevation (zb). 
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Fig. 4. Comparisons of transverse distribution of velocity (u) and sedimentation (dzb) profile at x =920 m on breach with time: 
 (a) Bangladesh; (b) Japanese case, where hc= 5 m from floodplain. 
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In this section, we discuss the evolution process of levee breach with time is compared between 
Bangladesh and Japanese cases, which shown in Fig 5. In the figure, the breach evolution is expressed as 
the temporal growth of breaching section (front view at y = 115 m) and temporal loss of levee cross 
section (side view at x = 920 m). The breaching section for higher duration is higher, and it results that the 
larger amount of discharge causes serious inundation in the floodplain. In addition, not only the 
inundation but also sediment deposition in the floodplain is more with time which causes another aspect 
of a flood disaster inside the boundary of the levee. Comparing the breach evolution for both countries; in 
Japanese case, high river flow is passed through the initial breach opening and it contributes more breach 
widening than Bangladeshi case, which is caused by steep river bed slope.  
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
In this paper, we studied numerical approach to compare flood disasters due to levee breach between 
two countries using simplified model field which are summarized as follows:  
Table 2. Summary of the results between Bangladesh and Japan 
Parameters Bangladesh Japan 
River bed slope Mild Steep 
Bed materials Fine Coarse 
Flow velocity in river and floodplain Low High 
Floodplain deposition area and thickness Less More 
Breach widening length Less More 
Flood damage and suffering Less More 
The research results showed that levee breach with steeper river bed slope has high risk of flood 
disasters in the floodplain. So, River Management Authority should consider proper designing of levee to 
protect levee failure and adequate dredging techniques is necessary to maintain normal river flow 
capacity, which decrease the risk of levee breach and furthermore to minimize flood disasters suffering 
Fig. 5. Comparisons of evolution process of levee reach with time: (a) Bangladesh; (b) Japanese case. 
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the inhabitants on unexpected breach happening.  
In order to get more clarification about the process of inundation, evolution process of levee and 
sedimentation in the floodplain between Bangladesh and Japan; further laboratory experiments and 
elaborate field observations are required to continue as the next steps of this research and/or 
recommendations in this study.  
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